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Fire is an important land-management tool in tropical
forest landscapes. However, these fires sometimes escape
into surrounding forests (Uhl & Buschbacker 1985), and
are one of the most severe disturbances threatening trop-
ical forest biodiversity (Barlow et al. 2006). These forest
fires have becomemore frequent over the last decades due
to the combined effect of selective logging, fragmentation
and abnormal droughts that increase the flammability of
forests, andagriculture expansion that brings the ignition
sources (Araga˜o & Shimabukuro 2010).
Despite the frequency and extent of Amazonian
wildfires, our knowledge of their effects on tropical forest
diversity is limited as existing studies are from relatively
few locations and have focused mainly on vertebrates
(Barlow&Silveira 2009). Invertebrates are extremely im-
portant for tropical forests, anddiverseandabundant taxa
suchas antsmakean important contribution to anumber
of ecological processes such as organicmatter decomposi-
tion, seed dispersal andpredation, and the control of other
invertebrate taxa. Although there are a small number
of studies on ants within humid tropical biomes, none
took place in closed-canopy forests (Castan˜o-Meneses &
Palacios-Vargas 2003, Vasconcelos et al. 2008).
We address this lack of knowledge by investigating
the responses of ant communities to wildfires in a
1 Corresponding author. Email: silveira.juli@gmail.com
seasonally dry forest at the southern edge of the
Amazon.Agrowingbodyof literature suggests that insect
biodiversity assessments could be strongly influenced by
seasonality in tropical forests (Akutso et al. 2007, Barlow
et al.2007,Hamer et al.2005,Hill et al.2003,Silveira et al.
2010), and we evaluate how these seasonal differences
affectcommonlyusedmetricsofdiversity (species richness
and species composition) and community–environment
relationships after wildfires. Specifically, we tested the
hypotheses that evaluations of the impact of wildfires
on ants will be influenced by sampling in different
seasons, affecting (1) estimates of species richness and
species composition and (2) community–environment
relationships, focusing on the established link between
the volume of leaf litter on the forest floor and species
richness.
The study was carried in 650 ha of native Amazonian
forest in Sa˜o Luiz Farm (12◦39′84′′S, 52◦22′18′′W),
municipality of Quereˆncia, in the state of Mato Grosso.
These seasonally dry transitional forests are particularly
vulnerable to wildfires as they have a very marked dry
season (Balch et al. 2008) and have been fragmented
by the expansion of cattle ranching and mechanized
agriculture over the last 30 y.
In October 2007, part of the intact forest was burned
by a wildfire during an extended dry season. We sampled
an adjacent area of unburned forest that the local farmer
protected from fire as our control treatment. Field data
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were collected once in the dry season (July 2008, 8 mo
after the fire) and once in the rainy season (February
2009, 14mo after the fire). As inmany studies of its kind,
time since fire is inevitably confounded with season, and
more inter-annual replicates would be needed to confirm
the findings of this study.
We sampled the ants and the forest structure in four
transects inburned forest and three transects inunburned
control forest. Transects were 500 m in length and were
marked at four sampling points 150 m apart (at 50 m,
200 m, 350 m and 500 m). Transects were also
placed 500 m apart from each other, so they could
be considered independent sample units. Although the
sampling design is spatially limited, taking place in two
fragments of approximately 21 km2, it represents the
highly fragmented local landscape where there is little
intact forest cover remaining.
We collected ants using theWinkler funnelmethod. At
each of the four sampling points we placed four 0.25-m2
quadrats, 3 m apart from each other. Leaf litter inside
each quadrat was removed, sieved (mesh = 1 cm2) to
remove large debris and leaves, and combined into a
single sample, totalling four points per transect. Fine
material was kept in Winkler funnels in the shade for 3 d
(72 h). Ants in the sieved fine material migrated out of
the mesh bags inside Winkler funnels and were collected
in a receptacle tied to the bottom, which was filled with
a solution of 70% alcohol and a few drops of detergent.
In the laboratory, ants were sorted and identified by an
expert ant taxonomist (S. Lacau). Voucher specimens are
stored at theUniversidade Estadual do Sudoeste da Bahia-
UESB, Itapetinga, Bahia, Brazil.
As a previous study had found a link between the
amount of leaf litter available on the forest floor and
the number of leaf-litter ants (Vasconcelos et al. 2009),
we estimated the leaf-litter volume of each quadratwhere
the ants were collected. Before sieving to removing large
debris,weestimated thepercentageofa26×28-cmcylin-
der thatwasoccupiedby leaf litter. Inorder to evaluatefire
severity in the same points where the ants were collected,
we took120◦ hemispherical photographswhich recorded
canopy openness (linked to tree mortality). We also
evaluated fire intensity by measuring the char height
on the trees in an area of 500 × 10 m alongside all
burned transects. We checked for data distribution using
Kolmogorov–Smirnoff test and applied parametric tests
when possible. We used two-way Analyses of Deviance
using chi-square to test the influence of season and
treatment on local ant species richness, based on Poisson
error structure appropriate for count data, and a log link.
This was conducted in R version 2.14.0. Community
structure was analysed based on the Bray–Curtis
similarity index usingmultidimensional scaling (MDS) to
ordinate samples basedonpresence-absence information.
This was undertaken in Primer v.5. An analysis of
similarity (ANOSIM) was used to test for significant
differences in community structure between treatments.
Canopy openness was analysed using the Gap Light
Analyzer program. Mann–Whitney tests were used to
test for differences in canopy openness, as well as in
leaf-litter volume between control and burned forest. We
tested the relationship between leaf-litter volume and
ant species richness using simple linear regression (y =
α + βx + e). All tests were conducted using transects
as sample units, except for the analysis of deviance and
linear regressions where we used point data as we were
interested in community–environment relationships at
the smallest spatial scale.
Ant diversity was highly variable across treatments
and seasons. In the dry season we collected 29 species
in control forest and nine species in burned forest. In the
rainy season 64 species were collected in control forest
and 23 species in burned forest. There were significant
differences in ant species richness between seasons and
treatments at the scale of the sampling point. In the dry
season, both treatments presented lower species richness
per point comparedwith the rainy season, but the control
forests presented more than four times more species than
the burned forest (median = 4.5, Interquartile range
(IQR) = 3; median = 1, IQR = 0, respectively). Species
richness per point increased in both treatments in the
rainy season and remained consistently higher in the
control forest (median = 11.5, IQR = 8; median = 3,
IQR = 2 respectively). The analysis of deviance using
chi-square based on Poisson error distribution showed a
significant effect of treatment (P<0.001)and season (P<
0.001), but no interactions between season × treatment
(P = 0.50) on species richness per sampling point.
Although ant communities in unburned and control
forests were visually distinct in MDS ordinations in
both seasons, these differences were only significant for
the rainy season (Anosim tests, dry season: R = 0.31,
P = 0.01; rainy season: R = 0.59, P = 0.05; Figure 1).
Ant communities in control forest were not affected by
seasonality (P = 0.15).
The wildfire had a strong negative effect on leaf-litter
volume inburned forest. Eightmonths after fire, in the dry
season, the leaf-litter volume in control forest (median =
4.27 m3 m−2, IQR = 2.41 m3 m−2) was more than
double that in burned forest (median= 2.14 units, IQR=
2.53 units; Mann-Whitney U = 182, P < 0.001). This
difference was somewhat reduced 14 mo after fire (in the
wet season) but the control forest still had higher leaf-
litter volume (median = 3.25 m3 m−2, IQR = 2.97 m3
m−2) comparedwith theburned forest (median=2.42m3
m−2, IQR = 4.46m3 m−2; Mann–Whitney U = 146, P =
0.02). Canopy openness was higher in the burned forest
(median: 36.5%, IQR: 29.5%) compared with control
forest (median: 18.1%, IQR: 15.0%; Mann–Whitney U =
0.00; P = 0.02). A total of 1467 trees were sampled in
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Figure 1. Multidimensional scaling (MDS) ordination for ant
communities sampled in unburned control forests (open), once-burned
forests (closed), in dry season (circles) and rainy season (triangles), in
Mato Grosso, Brazilian Amazonia.
the burned transects, and 46.1% of them showed some
kind of fire scar on their stems, with 4.7% of stems being
charred higher than 1.3 m in height.
During the dry season, relationships between local ant
species richnessand leaf-littervolumewerenot significant
(R2 = 0.03, F1,12 = 1.35, P = 0.27 and R2 < 0.001,
F1,10 = 0.74, P = 0.41 for unburned and burned forest,
respectively). However, rainy-season ant species richness
per point was positively related to leaf-litter volume in
unburned and burned forest, respectively (R2 = 0.31,
F1,12 = 5.96, P = 0.04 and R2 = 0.58, F1,10 = 15.9,
P< 0.01, Figure 2). The linearity of this relationship was
supported by the random distribution of residuals, and by
the skew value calculated being less than 2SE.
We provide the first comparison of ant community
responses to wildfires in closed-canopy humid tropical
forests, and found that (1) both season and burn
treatment influenced patterns of ant species richness
and composition; (2) the strength and significance of
community–environment relationships were dependent
on the season that ants were sampled in.
Comparisons of species richness are heavily influenced
by spatial scale at which the comparison is made
(Hamer & Hill 2000). We examined how this is
affected by seasonality, and show that findings based
on measurements of total richness (rarefaction curves)
are relatively robust to seasonality, as there was no
difference between burned and unburned forest in either
season. Species richness measured at the sample point
corroborates the rarefaction curves, showing a similar
pattern. In both cases the species richness in control
forest in both seasons sampled was four or more times
higher than the burned forest. These results are similar
to those observed in regions with marked dry season
like a burned forest in cerrado (Brazilian savanna)
vegetation (Vasconcelos et al. 2009) and an agricultural
Figure 2. Linear regressions showing the response of ant species richness
to variation in leaf-litter volume, in control (open circles) and burned
forests (closed circles) and in the dry (a) and rainy (b) seasons, in Mato
Grosso, Brazilian Amazonia.
landscape in a tropical dry forest in Mexico (Herna´ndez-
Ruiz & Castan˜o-Meneses 2006). Marked changes in ant
community composition between control and disturbed
forests across seasons were previously reported in a
gradient of secondary forests in Atlantic forest in Brazil
(Neves et al. 2010), and in a 25-y-old secondary forest
in Congo (Deblauwe & Dekoninck 2007). In our study,
community structure was changed after fire, but with
significant results only for the rainy season, 14 mo
after fire (Figure 2). We expected differences to be more
pronounced in the more recent sampling after the fire (8
mo, dry season).Although thiswas graphically supported
in theMDS (there was a clear separation between control
and burned forests in the dry season, Figure 2), samples
sizes were limited and the results of Anosim did not
corroborate our expectations. We believe such difference
could be statistically supported with an increasing of the
sampling effort. Therefore, as differences between control
forests in both seasons were not significant, we conclude
that our results for ant communities aredue to thewildfire
effect but could also be influenced by seasonality.
518 JULIANAM. SILVEIRA ET AL.
Previous studies have demonstrated a positive
relationship between leaf litter and ant species richness
(Vasconcelos et al. 2009). However, in our study, ant
species richness was only significantly and positively
related to the volume of leaf litter on the forest floor
in the rainy season, 14 mo after fire. Perhaps these
species–environment relationships are modified by the
low numbers of ant occurrences in the dry season,
the time required for recolonization, or issues relating
to litter humidity. Whatever the reason, our results
demonstrate that species–environment relationships can
also be strongly influenced by seasonality and/or time
since fire in tropical forests.
Our results suggest that fire can change leaf litter
ant communities, but such effects become more evident
during the rainy season when ant activity and capture
rates are higher in the traps. Therefore, although
sampling in the dry season may be logistically easier
in many regions, researchers should be aware they are
less likely to find an effect as ant activity is much lower.
Given this,wepropose that researchers replicate sampling
in two seasons or invest in a higher sampling effort if
restricting sampling to the dry seasons. Failure to do
so risks underestimating the impact being investigated
through Type I errors.
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